P S

o
sl

an

tle. |

-

bk SR Wi

Lo 2 WY NN TR YT Oy

-

i LS

1P TLIMTIA Y 3

D

o, QB ANt

AR L Aot VoA oIS . T

ce_a . e
et e te .

tFiNcaLE 20,2360 TO 38

c
e PRESSURE CALCULATIONS

3

38
33

uAITE(6, S0)
w@17E(6,51)
w078 (0,S2) (YRCJI) JE1,NVRP)
00 33 lsg,N
wATTECO,0032,2(2), V(D)
no 30 1Isi,nvep
TSECTTCONVERYAINCITT)
Symsld,
00 29 Jetem®
17 (TSECeT(J), LE.0,) GO TO 23
STE18(PHIeVISCeCeCP1)/(8,00(TIECT(II))
7r~¢xa¢(txtr)-:uth)--z)/x-)o((tvcx).v-caa)--a)/vnv
IF(PINEL LT EPSY) GO TC 30
118STC1eFINE]
CALL €Ix(Xx1,PunC)
SuUse(PUNCEQ(J))e SUN
comNTINUE =
APECVISCeCF2) /(8,000 ((XRIYR)0e,5)on)
WaLFaaAPegUN
l'!slctl) s PINITenALP
CONTINU
WRLTEC(bo01) (PRESLICITILITBL,MYKP)
coNTINUE
IP(NCALC.EQ. 10 TO SSS

c
€ PRESSURE CALCULATIONS FOR 1SO0AR PLOY

¢
3¢

b1 J]

123

conTINyE
Ao (AW /12,)98,S
NINTYsupSenl
cabl PLOTS(8.A,SLPLOTR)
CaLl ORuPAD(FYNIN,FYNAX,PYNIN,FYBAY)
caLL iﬂ!;t”(l'.'la.al.l.)
CALL SuETCM(X,Y,Noj,0) . o
CaALL SVﬁGOL(!.'.ll,l.l,lcl‘“llll oF QEVIEwW,0,.,18)
CaLL SYmMEOL(T,Pe10,0%,,18,18,8,,21) ) ..
CALL SYMBOL(7,2,19.8,,38,28NINJECTION WELL LOCATIONS,8.,20)
caLL SV-.°L‘7o.o.,.a.l'olo'.o"’ o
CALL sv-lOLtY.Z.O,lS..1'.zlntlll00llb WELL LOCATIONS,P,,28)
cabl SYMBOL(7,0,9,79,,10,8.0,,21) .
CaLL SYN.OL(7.2.0,70.llaliﬂlflflc "in COLUMNGOGEL STRENGTN,8,,30)
CALL SYMEOL(7,2,9.999,30,23PREIGUAE(PIT) 19088 8 ,0,,23)
CcaLL .U"..(".;.Q'.ol 010,PR084R,8,,2)
Do 381 Jei,nTofw
YTESTSABI(PININeYI'(J))
YTESTRABI(FYNINaYY (J)) ..
IPCCC(ITZSTe02) o (YTESTe02)) LE, (AUee)) PYNINSPUNINGOY
CONTINUE
n0 390 Xs1,Ni1Bal
yPepxmyN
vPapvngn
7SECaTCONVEYRP QT
conrIMUE
SU»sf 0
no 302 Jet,m
1/CTSECT(JILE,B.) GO TO 302
STEI8(PHTeVISCeCoCP1) /(8 B0 (TSECT(II))
FINCIS(((XPaXN(]))0ed)/XK)o(((YPovN(I))ead)/VK)

142

C



PIBLC AT e™e TAT

TIEN YV ¥

;

le2

303

3ne

312

o7

3ne

LR X
- e

1P (PInEI,LT,EPSY) GO TO 363
Y1sgTCIeFINEL

CALL TIx(xi,PUNC)

Syne(PyYNCe@(J))e SUN

corrIvuE

APE(VISCECF2) /(8,800 e((XXeYX) 00 ,S)on)
HALPsAPegUR

PREgPPINT ToNALP

({07287 4

yP0LDexP

YPu YPoXINC

trecxe, T, PYMax) ,AND,(YP ,GT,PY™AX)IGO 7O 400
IPCXP.GT,FYNAXIGO TO 308

00 388 Jmi,"™
t'!t((!'-lllJi)GOIiOQ(V"VitJ!)"lii.L! (Rwee2)) GO TO 383
conT N

su--u [ ]

I't'!!C-VtJ) LE 0,360 TO 386
STE1a(PHIevISCoCeCr1)/(8.00(TSECT(III)
PINEISCC(XPeoxu(I))oed) /XR)O(((VPovE(I))0eQ)/YR)
IPCFINELLT.EPS) GO TO 312

X18gTEIoFINE]

eaLL EIXCX1,PUNC)

sUme (FYNCe@(J) ) e8UN

contInul

APS(VISCOCF2) /(8,000 T (XRAVEI 0e ,5) oK)

MaLPBAPOGUN

R0 DsPRESP

PaESPePINTIToNALP

ConTINUE

17 ¢ (PROLO,.LT.PREARCN)) ,A%0, (PRESP,GY, pRRAR(R))) GO TO 307
:r(‘-ncLo «GT PROARCKY) ANO, (Plt:'.Lt.P'!ll(l))) 6o vo ser

363
conr! L] 4
B0IF18488(PREAA(R)I=PROLD)
PCIF2sANS (PRESPOVOLD)
yPg(((yPoxPOLD)ePOTIP1)/(POIFR)) o XPOLD
CALL SPETCM(XP,YP,1,ISVYN(K]},1)
¢g Yo 363
CONTINUE
YPu VS, YINE
IPapXngN
6o ro 323
conTinug
conponyt
caLL P0oT(¢0,.8,0,8,999)
ConTImiIT
PORN,T(OP10,0)
FORNAT(ATLO)
FORWATC104s)
FORMAT(SINT wELL wgLL CCORIIMATES FLOwW RATES INgY

|tAL)

FORNATCOON 10 "(rry v(rY) (GaL/mtN) TINE(

tyng))

PORMATC/, 1%, 13,080P9.2,3%,79.2,7X,76.2,5%,9.2)
FONMAT (73N OBSEAVATION AT, COONOINATES AGTTON MOLE PegsS

fURE(PST) OV vEaRs)

FOANAT QN POINY o"rry) V('T,) .

FORMAT (1Moo 13X, 140,8X, 106082, 14608X,146,8%,126)
'Olllf(/o”alSoOlal..lolI.’..l)

FORNAT 1Mo, 33%,80,1,8X,%" . 10"0'0.!rl!o'..lnllofb.l)



AR,

PR TR }

.

CeVedos™

SOOI AR

.
E B

Il‘l-
va_a.a

o (0" o

‘e X

P AP

P

R

SYINMIUERNK,

T 0
a’a

o SR

T s

. o

s oo
-%.

2o VAR NS

o 3 2o T BN o By

»2ea

mm

"
72

73
Te

Te
77
7™

aonon

FORNAT (g7%y FIELD DATAR sgsegavoln romw
ATION PLUZLD)
‘lolﬂl?(glu PORCSITY TMICKNESS viscostTy
comengsglInlLItTy) .
l'on~67(10~‘ (PRAC,) ({4 {42] (c?)
! 1“""‘:, 3098, PS,1,04,P0,3,10%,F10,0)
L LT

::--.r:/;:::ics' ol .t;t?!:L * FORNATION PERNEAATLT
17y wELL)

roRuAT coon agseavole CeILLINARCIES)

RAOIUS) .
‘70lnaf(oou p0EsS, (PSTA) 10INECY venIRELY
tlne)) . . L,

'0.'!7(/:1.!;";207‘.'7.lo.'o"o’o"'c".a

sroe .

En0

SUBRQUTINE EIX(X,XET)

DATA EPHE,Camma/t Ee10,0,57721564649/
;z}--s.-u.-agoet:) :
]

Isleg
PACTSY,

00 o Jsi,!

1Jsd

PACTS PACToxy

xlsl
FuEGSet @

TEE( (FNEC) ve(lol))o((Xoel)/(XTeFACT))
rglsagreTER”

P (TeAn LT 0,0) TERwgeTEAN
P (TEAN,_ T.EPNS) GO T0 7
Go ro @

conNTINUE

egTURN

evo

SURBROUTING TO CALCULATE THC EXPONENTIAL INTEGAAL USING TNE
INPINEITE SENIES “ETHOD

144



WAATEREN >

S N

o'

CALL LT IERE T T2 RS VN TS s

SSUTPY — TRUERCIR &

-
o

. ACeZe T3

LR U

A C P32 " gV YV AP U UPUURE ¥ DI

BIBLIOGRAPHY

Kent, R. T., "Deep Well Injection of Hazardous Waste
in Texas®, Presented to the International
Symposium on the Quality of Ground Water (23-26
March, 1981) Hoordwigkerhost, The Netherlands.

U.S. Environmental Protection Agency, Surface
Impoundments and Their Effects on Ground-wWater

the U.S. (A Preliminary Study, 1978).

Hall, C. W. and Ballentine, R. K., "U.S.
Environmental Protection Agency Policy on
Subsurface Emplacement of Fluids by Well
Injection®, Underground Waste Management and
Artificial Recharge, 1973.

Fryberger, J. S., Rehabilitation of a Brine-Polluted
Aquifer (prepared for the Office of Research and
Mcnitoring USEPA, 1972).

U.S. Environmental Protection Agency, Compilation of

Industrial and Municipal Injection Wells in the
U.5., EPA—5§57§-71-6285 Office of Water Program

Operations, 2 vol., (October 1974).

| Safe Drinking Water Act (PL93-523) December 16, 1974

as amended by (PL95-190) November 16, 1977.

FEDERAL REGISTER. Vol 45 No 1231 Tuesday, June 24,
1980/Rules and Regulations, 42472-42512.

INJECTION WELL ACT, Chapter 27 and Chapter 25, Texas
Water Code, 1981.

PRICE, W. H., "The Determination of Maximum Injection
Pressure for Effluent Disposal Wells®", M. S.
Thesis, University o1 Texas, 1971.

10. Kent, R. T. Underground Resource Management Inc.,

Personal Conversation, July 1981.

ll. Melrose, J. C., Saving, J. G., Foster, W. R. and

Parrish, E. R., "A Practical Utilization of the
Theory of Bingham Plastic Flow in Stationary
Pipes and Annuli®", Petroleum Transactions, AIME
213 (1958), 316, 324.

145




146

12. Mathews, C. S. and Russell, D. G., Pressure Buildup
and Flow Tests in Wells, SPE Monograph Vol 1, 118 (w/

Pg., 1967.
13. Carter, S. Fortran Computer Program PRES, 1980.

14. Gatlin, C., Petroleum Engineering Drilling and well
Completion, Englewood Clifts, N.J.:
Prentice-Hall, Inc. m 1960.

15. Principals of Drilling Mud Control, eleventh edition,
Edited by Perkins, H.W., 1962.

16. The American Heritage Dictionary of the English

Lanuage, New York: American Heritage Publishing
Co., Inc., 1970. :

17. Gariison, A. D., "Surface Chemistry of Clays and
Shales,® Petroleum Transactions, AIME, 132
(1939), 191.203.

18. Gray, G. D., Darley, H. C., and Rogers, W. F.,
Composition and Properties of Oil Well Drilling
Fluids, 4th Edition; Houston, Texas: Gulf
Publishing Co., 1980.

19. Weintripp, P. J. and Hughes, R. G., "Factors Involve(;/
in High Temperature Drilling Fluids,” Journal of
Petroleum Technology (June, 1965) 707, .

20. Annis. M. R., "High Temperature Properties of Water-
Base Drilling FLuids,® Journal of Petroleum
Technology (August, 1976), 1074, 1080.

2l. Strini-vVasan, S., "A Study of Temperature on Flow
Properties of Non-Newtonian Drilling Fluids,l"” M.
S. Teis, University of Tulsa, 1957.

22. Hiller, K. H., "Rheoclogical Measurements on Clay
Suspensions and Drilling Fluids at High
Temperatures and Pressures," Journal of
Petroleum Technology (July, 1963), 779, 789.

23. A Primer of 0Oil Well Drilling, Third Edition,
Petroleum Extension Service University of Texas,

1970.

«



20 L llERAL SO ok A LA s 0 9 VLT AR 0. Y

‘02

PO DY Py ]

\
—h et et et oo m.a aa ALl aca Rl :

———— —

VITA

Stephen Eugene Barker was born in Norwich, New
York, on November 8, 1950, the son of Jacké Marie Barker
and Stu=rt Harol< Barker. After completing_his work at
New Berlin Central High School, New Berlin, New York, in
1968, he entered the United States Army. Upon discharge
from the Army in 1973, he entered the State University of
New York College at Oneonta, New York. He received the
degree of Bachelor of Science from State University
chiege at Onenota in December, 1976. In September, 1976
he entered the State University of New York at Buffalo,
New York. He received the Bachelor of Science in
Engineering from the University of Buffalo in September,
1977. Comﬁissioned an Ensign in the United States Navy in
July, 1977, he presently holds the rank of Liéutenant.
Married to the former Holly Edwards of New Berlin, New
York, they have three childres: Brie Alexandra (May,
1978) Wesley Adam (October 1980) and Eric Christian
(October, 1980). 1In January, 1981, he entered the
Graduate School of the University of Texas.

Permanent address: 31 Genesee St.
New Berlin, New York



7

Appendix 4-9

Pressure Effects of the Static Mud Column in Abandoned Wells
(Johnston and Knape, 1986)



~

5



LP 86-06

Pressure Effects of the
Static Mud Column in
Abandoned Wells

) Texas Water Commission
September 1986




PRESSURE EFFECTS OF THE STATIC MUD COLUMN IN ABANDONED WEL(

By
Orville C. Johnston and Ben K. Knape (.~
LP 86-06
Texas Water Commission (

September, 1986



TEXAS WATER COMMISSION

Paul Hopkins, Chairman Ralph Roming, Commissioner

TN
P \

John O. Houchins, Commissioner

Larry Soward, Executive Director

Authorization for use or reproduction of any original material contained in this
publication, i.e., not obtained from other sources, is freely granted. The
Commission would appreciate acknowledgement.

Published and distributed
by the
Texas Water Commission
Post Office Box 13087
Austin, Texas 78711




ABSTRACT :
(

The objective of this research is to establish a reference
framework (with respect to concepts, safety factors, etc.)
concerning the status and condition of abandoned wells which may
be located near an injection well operation. The validity of the
assumption of a wellbore filled with mud of a minimum weight of 9
pounds per gallon for abandoned wells is confirmed through a
survey of the literature and interviews of experts in the field.
In addition to the resistance to vertical fluid flow in an
abandoned well, which is conveyed by the hydrostatic head of 9
pounds per gallon mud, the gel properties of borehole mud alone
in a 15-inch diameter wellbore at a 5,000 foot depth, will
withstand at least 27.75 psi of reservoir pressure increase from
injection. Other intangible safety factors include the
following: (a) there is a high probability that wells abandoned
after 1967 are properly plugged; and (b) wells abandoned during
the period 1919-1967 may be properly plugged, even if ; (j
documentation is lacking. Experience'with well drilling has
shown that uncased wells in the Gulf Coast region of Texas, and
uncased wells which penetrate certain unstable rock formations of
the Triassic System in West Texas, rapidly undergo borehole
closure by the natural processes of borehole wall swelling,
sloughing, and bridging. This report identifies 267 abandoned
wells located near certain industrial waste disposal well sites
which are assumed to be plugged with drilling mud only.
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PRESSURE EFFECTS OF THE STATIC MUD COLUMN IN ABANDONED WELLS
INTRODUCTION

The Texas Water Commission regulates Class I injection wells
by permit. The permit process involves review of all artificial
penetrations of the subsurface, within a 2.5 mile radius of a
proposed injection well, to determine the maximum allowable
reservoir pressure build-up without potential for causing fluid
movement through abandoned wells. The review process must
include consideration of problem wells which are abandoned with
inadequate cement plugs or have inadequate or nonexistent

'plugging records. It has been assumed that such abandoned wells

are filled with a 9 pound per gallon mud, unless otherwise
documented.

The Commission has assumed in its permit review process,

that the total reservoir pressure within the area of influence of

an injection well should not exceed the hydrostatic head.of the
mud column at any unplugged abandoned well within the area. This
criterion for safe limits on injection operations does not
consider several factors which may add considerably to the safety
of an injection operation.

Purpose

The purpose of this investigation is to evaluate the
following with respect to artificial penetrations: (a) the
history of drilling and plugging practices as they relate to the
probability of interformational fluid transfer in abandoned
wells; (b) gel strength of wellbore mud; and (c) effects of
geologic and gedgraphic differences as determinants of natural
borehole closure.



Scope

This study includes the collection and compilation of all
available data pertaining to the control of downhole pressure and
potential for fluid movement in abandoned wells which are filled
with drilling mud. In addition to the resistance to fluid flow
conveyed by the weight of the mud column filling an abandoned
well, the study will also consider the added pressure effects of
the gel strength of drilling mud, the development of well
drilling and plugging practices over the years, the probabilities
of natural borehole closure, including the geologic determinants
on the condition of the abandoned borehole, and the properties of
drilling mud in the borehole after long periods of time. The
scope of the study has been limited to literature and file
research, interviews with persons experienced in well technology,
and the preparation of a report which presents tabulated
abandoned well data, location maps, and conclusions and

recommendations.

Method of Investigation

Following the study proposal, formulated early in 1985, the
investigation began in November, 1985, and involved two persons
working full time. Persons experienced in the fields of well
drilling, plugging procedures, and mud technology were
interviewed concerning the ability of mud in abandoned wells to
prevent fluid flow. Summaries of these interviews or "personal
communications" are included in the Appendix to this report,
along with summaries of literature of particular relevance to the
study.



The literature review was accomplished by consulting
references suggested by the persons interviewed, and by the
assistance of the Commission's library staff and the U. S.
Environmental Protection Agency (EPA) Region 6 staff in
conducting computerized data base searches. The Commission's
library staff used the Dialog Information Retrieval Services,
Inc. system which has more than 220 available data bases. The
four data bases of the Dialog'system which contain engineering
and geotechnical data were searched by inputting the key word
groupings of "abandoned wells," "well plugging," mud-plugged
wells," and "mud gel strength," and the various permutations of
these groupings into the computer system. Also, a computer
search of the National Ground Water Information Center (NGWIC)
library files was provided by the EPA Region 6 office. The files
or data bases searched are described under the heading of "Data
Bases" following the Reference section of this report.

All literature relevant to the study is listed in this
report under the heading of "References." Considering the
extensive literature search undertaken, it was noted that there
are remarkably few references in the literature to the specific
topics of this study. Apparently, there have been very few '
opportunities to gather mud data from abandoned wells,'since
abandoned wells are seldom reentered. The relatively few known
cases of reentering abandoned wells were either: (1) to
recomplete the wells for injection operations for wastewater or
brine disposal or water flood operations for enhanced recovery of
petroleum, (2) excavations in mining operations which encountered
abandoned mineral exploration holes, or (3) were ordered by the
TWC or its predecessors, or the Railroad Commission of Texas, to
properly plug the well to protect ground water or mineral
resources.



Following the review of the literature and personal
communications, criteria for identifying potentially problem
abandoned wells within a 2-1/2 mile radius of an active permitted
Class I waste disposal well were formulated. A potential problem
well was defined, for the purpose of this study, as an abandoned
well which lacked clear documentation of at least one cement plug
between the disposal zone (injection formation) and the base of
slightly-saline ground water (3,000 mg/l total dissolved solids).
Using the criterion described above, potential.problem abandoned
wells were tabulated by the Commissionfs Underground Injection
Control Section staff from the microfiche and hard copy files of
permitted waste disposal wells.

- The well tabulation portion of the study (Table 1) is
presented alphabetically by waste disposal well permittee and/or
site location. Figure 1 shows the sites in Texas of waste
disposal well areas of review having one or more potential
problem abandoned wells. Figures 2 through 28 show the locations
of potential problem abandoned wells within each waste disposal
well area of review.

In Table 1, each well is identified by well operator and
well name (lease and well number within the lease). Drilling and
abandonment dates are included in Table 1 to allow conclusions to
be drawn concerning probable well depths, and well construction
and plugging technology available at the time the weli in
question was drilled. Under the column heading of "Remarks,"‘
each of the wells compiled in Table 1 is characterized by
documentation of wellbore mud, and long-string casing. When
available, mud weights are also reported in this same column in
pounds per gallon.
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HISTORICAL DEVELOPMENT OF DRILLING AND PLUGGING TECHNOLOGY

Drilling

0il and gas wells that were drilled and abandoned prior to
1930 are probably not much deeper than 3,000 to 4,000 feet
(Meers, 1985), (Hellinghausen, 1985), and (Smith, 1981). Data on
these early wells is usually difficult to impossible to locate.

Prior to the early 1930's, much of the drilling for o0il and
gas production utilized cable tools and rotary rigs which were
crude compared to today's equipment. The advent of World wWar II
spurred efforts to improve drilling technology. Improvements in
materials and computerization have contributed to the development
of the sophisticated rotary rigs and drill bits which are
available today. With the advances in drilling equipment, well
depths have increased significantly so that depths exceeding
25,000 feet can be achieved today.



Coincidentally with rotary rig development, mud technology
progressed from an art to a science. In contrast to cable tool
drilling which did not employ drilling fluid systems (Davis, 1985
personal communication), rotary drilling requires drilling fluid
to remove cuttings from the hole, to control pressure surges, to
promote borehole stability, and to cool and lubricate the bit.

In the early days of rotary drilling, drilling fluid was mostly
water which when mixed with drill cuttings, resulted in "drilling
mud" (Smith, 1985). Most early wells drilled by rotary
techniques are therefore considered to have been drilled with
"native muds" derived from the clay formations penetrated by the
drill bit. Water had to be continually added to thin native '
muds, and the minimum weight for these drilling muds probably
was not less than 9 pounds per gallon (Cox, 1986), (Davis, 1985),
and (Marr, 1985). During the 1930's, bentonite and barite
additives were first used to improve mud stability and increase
mud weight for improved pressure control (Smith, 1985) and (Marr,
1985). Since that time, numerous service companies and research
facilities have been established to provide personnel and
technology necessary to control mud properties during a drilling
operation. These properties include but are not limited to
viscosity, gel strength, mud weight, and stability.

Plugging and Abandogmeht

Little thought was given to well abandonment in the early
days of oil well drilling and production. Undoubtedly, many
early wells which proved to be dry holes or which produced for a
time before becoming inactive, were simply abandoned without any
special closure procedures, either out of being unaware of any
possible adverse environmental consequences of such actions, out
of negligence, or out of being unwilling or unable to spend the
necessary funds for plugging. Rotary drilled "dry holes" can be
safely assumed to have been left full of mud as a minimum
condition, because such wells are drilled, logged, and tested
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with mud in the wellbore, and there would be no economic reason
to evacuate the hole of drilling mud prior to abandonment.
Regarding abandonment of producing wells without filling the
casing with mud, the Texas Water Commission and its predecessors.
have consistently not permitted waste disposal well completions
in areas of a formation known to produce oil or gas. It is
therefore unlikely that an inadequately plugged production well
will lie within the area of influence of a permitted waste

disposal well.

Some early attempts at plugging wells involved only driving
a wooden plug into the well casing head. Over the years,
abandoned wells have commonly had all sorts of unwanted
debris thrown into the open well casings. The materials
discarded into abandoned wells commonly included drilling
site -debris, scrap lumber, and metallic junk including
broken tools. The modern practice of filling an abandoned well
oy with mud and spotting cement plugs in the well has developed to
meet the objective of confining all native fluids to the
formations in which they were encountered. In leaving the
wellbore full of mud, however, probably very little consideration
has been given to possible circumstances such as (1) partial mud
loss to "lost circulation" or "thief" zones in the subsurface, or

 (2) decrease in mud column height from removal of casing for
salvage. Consequently, calculations of mud hydrostatic head in
an abandoned well should take intb account the possibility of
incomplete filling of the hole from known lost circulation zones.
or other circumstances documented in records of the well.

The State of Texas has recognized the need for proper
plugging of abandoned wells since 1899 (House Bill 542, 1899).
The 1899 legislation calling for plugging of abandoned wells,
however, did not designate to a particular branch of state
government the regulatory and enforcement authority of this law.




In 1919, Senate Bill 350 gave the Railroad Commission of Texas

(RRC) regulatory responsibility for proper well plugging. (”\
Current plugging regulations are detailed in Rule 14 of the Texas
Railroad Commission, which was adopted on January 1, 1967. Rule
14 requires that abandoned wells be properly plugged with a
specified combination of cement plugs and mud-laden fluid
weighing at least 9.5 pounds per gallon, to confine oil, gas, or
water to the strata in which they naturally occur. Rule 14 also
requires that a well operator notify the Railroad Commission and
all offset landowners and well operators of the intent to plug.
Under Rule 14, the Railroad Commission reviews plugging plans for
adequacy, requiring modifications to the plans as necessary to
protect reserves of oil, gas, and water. According to Rule 14,
plugging must commence in a well within one year of the end of
'drilling or production operations. Extensions of the maximum
time period before commencing plugging operations may be granted
by the Railroad Commission, provided that there is no pollution
hazard, and provided there is adequate financial assurance in
place to pay for well plugging without the expenditure of State (
funds. Noncompliance with Railroad Commission plugging rules

subjects well operators to both civil and administrative fines.

To remedy the problem of specific improperly abandoned wells in

cases where the operator is unknown or financially insolvent, the
Railroad Commission also administers a program which has pluéged
approximately 1400 such wells since 1965, using state funds.

MUD GEL STRENGTH

Most wells drilled for oil and gas use water-based drilling
fluids which contain the native earth solids and rock cuttings
acquired while drilling, and commercially available drilling mud
additives. When a mud mix is allowed to remain quiescent for a
period of time, a gel develops. Laboratory data acquired over
relatively short intervals indicates that gel strength increases



- with time. Until the gel structure is broken, the mud will not
pe displaced. The pressure increase required to displace gelled
mud can be significantly large and wili often be a major factor
in controlling fluid flow from a waste disposal formation.

The plastic flow of clay suspensions is well known. Gel
strength data presented by (Garrison, 1938) indicates the
strengths increase more rapidly at first, and then gradually
approach a constant value as time passes. The reaction time
follows a rather simple egquation:

S = S'Kt
1 + Kt

where S' = gel strength after a long time

K = rate constant
t = time _
7 S = gel strength at t

The equation may be rearranged so that a linear relationship
exists between t/S and time.

The relationship can be expressed in the following equation:

Based on limited data, drilling mud gel strengths ranging
from 25 to 120 pounds per 100 square feet have been noted
(Barker, 1981). When evaluating the effect of a mug plug on
confining fluids in a reservoir, the most conservative value (or
lowest gel strength) should be used to avoid an over optimistic
estimate of the mud displacement pressure.



In addition to the pressure required to overcome the
hydrostatic head of the borehold mud, the pressure necessary to
displace the mud plug varies directly with the gel strength and
well depth and inversely with borehole diameter (Barker, 1981) as
follows:

P = 0.00333 (Gs)(h)
D

where GS = gel strength, pounds/100 feet2

h = height of mud column or depth of well, feet
D = hole diameter, inches
P = displacement pressure, psi

Displacement pressures based on gel strengths for hole
diameters of 5, 10, and 15 inches are shown in graph form below:

100 —

Displacement Pressure/1000 Ft. Depth, PSI
P

Gel Strength, Lb/th
GS
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(T Gel strengths of mud left in abandoned wells are generally
| unknown. The data cited above indicate that a mud plug with a
2

gel strength of 25 pounds/100 feet™, in a 5,000 foot deep well of
15-inch diameter should be capable of restricting a pressure
difference of at least 27.75 psi. This is a relatively minor
pressure restriction which should be regarded as a safety factor
and not considered when developing operating parameters that
would be acceptable for an injection well. It should be noted
that drilling muds with high gel strengths (exceeding 100
pounds/lOOftz) would have a significant displacement pressure in
abandoned wells 5000 feet or more in depth.

NATURAL BOREHOLE CLOSURE

Geologic factors such as sediment consolidation

(cementation) and mineralogy are major determinants of the
probability of natural borehole closure. These geologic factors

{ : are found to vary geographically throughout the State. Older

o sediments characteristic of West Texas are generally more
consolidated, and uncased wellbores in that area are less prone
to seal over by caving or sloughing of the wellbore walls (Marr,
1985), (Meers, 1985), (Johnson, 1985), (Davis, 1985), and (Kent
and Bentley, 1985). Abandoned wells have been reentered and
cleaned out for reuse after many years of dormancy in West Texas
by merely washing out the wellbore mud with a drill bit (Marr,
1985).

In contast, the geologically young and unconsolidated
sediments of the Gulf Coast tend to slough and swell, and an
uncased well in that region commonly will squeeze shut within a
matter of hours. Well bores have closed in while changing bits
Or running casing. Drillers sometimes have difficulty in finding

11



and following the original wellbore when reentering and
redrilling abandoned wells and attribute this problem to the
natural healing of the sediments originally penetrated (Meers,
1985) and (Hellinghausen, 1985).

Most of the State's permitted industrial waste disposal
wells are located on the Gulf Coast and in West Texas.
Information gathered from literature and communications from
experienced field personnel confirm the validity of
characterizing these two regions of the State as one where
natural closure of the boreholes probably occurs (Gulf Coast)
versus one where boreholes may be stable and remain open for an
extended time (West Texas).

A major exception to the normal stability of West Texas
boreholes, however, is exhibited in uncased sections of wells
penetrating certain shale formations of Triassic age. .This
phenomenon is typical below the base of the surface casing in a
well with the long-string casing absent, because of never having
been installed, or having been pulled from the well for salvage
prior to abandonment. The Triassic formations which contribute
to wellbore instability are generally referred to by drillers as
"red beds." These beds consist largely of water-sensitive clays
which swell and slough in a borehole, causing problems with the
sticking of drill pipe and casing during well construction, and
total hole closure during and after well abandonment.

ANALYSIS OF ARTIFICIAL PENETRATIONS

The 267 wells in Table 1 represent the results of the survey
of Texas Water Commission files to locate all abandoned wells
which (1) penetrate a disposal zone within 2-1/2 miles of an
active waste disposal well, and (2) lack clear documentation of
proper plugging with cement to isolate wastes injected into
strata containing ground water of more than 10,000 mg/l total
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dissolved solids, from strata containing ground water of less
than 3,000 mg/l total dissolved solids. This study has attempted
to determine if these 267 abandoned wells (Table 1) pose a
problem in being potential avenues of fluid movement between
formations because of elevated reservoir pressures resulting from

injection operations.

Sixteen (16) of the 267 abandoned wells in Table 1 were
plugged after the 1967 adoption of Rule 14 by the Railroad
Commission of Texas, and may therefore be assumed to be plugged
in a manner which will prevent interformational transfer of
fluids. Rule 14 standardized plugging procedures in all Railroad
Commission districts in Texas, many of which procedures had long
been required at the discretion of the various district
supervisors. Implementation of Rule 14 also insured that
abandoned wells are plugged within one year following the
cessation of drilling or production operations, unless the
Railroad Commission has granted an extension of this time period
conditioned upon there being no pollution hazard and no risk of

State funds for plugging the well.

Of the 251 wells in Table 1 which were abandoned prior tgi
the adoption of Railroad Commission Rule 14, 238 are shown by
available records to be Gulf Coast wells without long-string
casing. Uncased wells in the Gulf Coast region are not
considered to pose a problem to waste disposal well operations
because of the high probability of natural borehole closure,
which is a property of the unconsolidated sediments
characteristic of that region of the State.

The remaining 13 wells in Table 1 which were abandoned prior
to adoption of Rule 14 are assumed to have boreholes intact by
reason of (1) full hole casing, or (2) consolidated host
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